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SUMMARY 


•A vert ical-t ail model with stub fuselage was tested 
in combination With various simulated horizontal tails to 
determine the effect of horizontal-tail span and location 
on the aerodynamic characteristics of the vertical tail. 
Available, theoretical data on end-plate effects were 
collected and presented in the form most suitable for 
design purposes. 

Reasonable agreement was obtained between the 
measured and theoretical end-plate effects of horizontal 
tails on vertical tails, and the data indicated that the 
end-plate effect was determined more by the location of 
the horizontal tail than by the span of the horizontal 
tail. The horizontal tail gave most end-plate effect • 
when located near either tip of the vertical tail and, 
when located near the base of the. vertical tail, the end- 
plate effect was increased by moving the horizontal tail 
rearward. 


A study of the end-plate effect of : the horizontal 
tail on the vertical tail has been made by lifting-line 
theory for the case of a horizontal tail mounted at the 
base of an isolated vertical tail (reference 1 ). A 
minimum- induced-drag theory of the end-plate effect of 
the horizontal tail on the vertical tail is presented 
in reference 2 for the case of a horizontal, tail mounted 
in various vertical locations. Because of a deficiency 
in experimental data for the end-^late effects discussed 
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in these references and for end-plate effects in general, 
the present investigation was undertaken. Lift and hinge - 
moment measurements were made to determine the variation 
of the end-plate effect with horizontal-tail span and 
location and to define an area-span convention that would 
most nearly give the correct lift-curve slope. 


SYMBOLS 


The coefficients and symbols used herein are defined 
as follows: 

lift coefficient (L/qS) 

Cft rudder hinge-moment coefficient ^H/qb r (c r )^ 

L lift of model 

rudder hinge moment; positive when moment tends to 
rotate trailing edge to left 

S area of vertical- tail model as defined by con- 

vention I (fig. 1) unless other-wise noted 

c .local chord of vertical-tail model from leading 
edge (L.E. defined in fig. 1) 

c^T rudder root-mean- square chord 

b-^ span ( recommended in reference 3) of vertical- 

tail model as defined by convention I or II, 
figure 1 

b£ span of vertical- tail model as defined by con- 

vention III, figure 1 

b r rudder span 

b^ horizontal tail span 

q free-stream dynamic pressure 

horizontal location of 50 -percent chord line of 
forward, center, and rearward end plates as 
measured from vertical-tail leading edge 
(L.E. defined in fig. 1) 


x 
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y vertical location of end plates measured upward 

from base of vertical tail as shown in figure 1 

a angle of attack of vertical tail; positive when 
trailing edge is moved to left 

6 rudder deflection relative to fin; positive when 
trailing edge is deflected to left 


A G 

'a 


geometric aspect ratio 

*vertieal-tail aspect ratio computed from measured 
lift for horizontal-tail-off condition 
• » # , * - f 
effect ive ' aSpbct ratio computed from measured lift 

. . for horizontal-tail-on condition’ 


E * effective- edge -.velocity* correction for lift 

• • • 

k ’ * Horizontal-location factor 


Slopes : 


a section lift-curve slope 

- (SL. ■ 



% - 




All angles are in' degrees and the symbols outside the 
parentheses indicate the quantities held constant. The 
slopes were taken for ranges of a and 6 of i2°. 


APPARATUS AND MODEL 


A vertical-tail model with stub fuselage was tested 
in combination with horizontal tails Simulated by flat 
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end plates made of j^- inch- thick laminated mahogany with 

rounded leading edges and beveled trailing edges. Photo- 
graphs of the model that show variations in the span and 
location of the end plates are presented as figure 2. 

The principal details of the model are given in figure 3 » 

The geometric characteristics of- the model are 
presented in the following table: 

Area, convention I (fig. 1 ), square feet .... 5.985 

Span of vertical -tail model, convention I, 

feet ...... ...... 3*6l 

Mean geometric chord of vertical-tail 

model, feet 1.66 

Rudder span, feet 3.208 

Rudder root-mean-square chord, feet 0.614-6 

Trailing-edge angle, vertical tail, degrees .... 15 

Trailing-edge angle, end plates, degrees I4.1 

The ordinates of the vertical-tail airfoil section are 
given in table I, the airfoil section being constant over 
the span. Forward of the 50 ~P Gr> cent-chor*d station the 
airfoil ordinates are approximately the same as' those of 
the NACA 65 ( 112 )”011 airfoil; rearward of the 5 Q--pejre.ent- 
chord station the airfoil was modified so as to eliminate 
the cusp. The plan-form ordinates of the verti'cal-tail 
model are given in table II. •' 

The internal balance for the rudder of the model was 
contained in four spanwise chambers, which were separated 
from each other at the rudder hinges. The nose and ends 
of the internal balance plate in each chamber were sealed 
to the front of the balance chamber and to the sides of 
the hinges with Koroseal coated voile. An enlarged cross- 
sectional diagram of the vertical tail (fig. If.) shows the 
details of the internal balance. 

Unpublished calculations based on reference I4. for 
an aipfoil- section approximately the same as that of the 
model tested indicated that, at a flight Reynolds number 
of about 10,000,000 and with transition at the leading 
edge, the boundary- layer thickness 6' :: ‘ is 0.00157c 
at 0 . 65 c. From bound ary- layer measurements it was 
found that, at values of a and 6 of approximately 0°, 
a boundary- layer thickness of 0.00157c could be obtained 
by placing roughness strips at the 20-percent chord line. 
The roughness strips were prepared by cementing 
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No. 60 carborundum, particles in a strip 1/lp inch wide to 
the back of celluloae tape. 

The model was mounted horizontally in the 6- by 
6-foot test section of the Langley stability tunnel and 
was supported entirely by the balance frame so that all 
forces and moments acting on the model could be measured. 
In order to mount the model near the center of the tunnel, 
a model support was used that extended into the air stream 
through an opening in the tunnel wall. A flexible seal 
was used between the model support and the tunnel wall 
to prevent the inward flow of air from outside the tunnel 
along the model support. A fairing was installed around 
the part of the model support strut located inside the 
tunnel, (See fig. 3.) This fairing was attached to the 
tunnel wall and did not change attitude as the angle of 
attack of the model was varied. 


TESTS 


Tests were made of the vertical- tail model and stub 
fuselage without an end plate and with an end plate in 
nine combinations of end-plate locations and spans. A 
6-foot-span end plate was tested in the vertical locations 
designated in figure 5 as low, intermediate-low, 
intermediate -high, and high. End plates of various spans 
were tested in the center horizontal location at two 
vertical locations: A ip— f oot-span end plate was tested 

in the low and in the intermediate-low vertical locations 
and a 2-foot-span end plate was- tested in only the low 
vertical location. The 6-foot-span end plate in the low 
vertical location was tested in three horizontal locations, 
which will be designated as forward, center, and rearward. 
The configuration for the end plate' at the center hori- 
zontal location was identical with that at the low vertical 
location. For all configurations the end plate had a 
cut-out for .the rudder. (See fig. 3») In order to deter- 
mine the effect of the rudder cut-out, a Ip— f oot-span end 
plate without a cut-out was tested in the low vertical 
location. 

For each configuration, tests were made for various 
rudder deflections with the model at zero angle of attack 
and for various angles of attack with zero rudder deflec- 
tion. The angles of attack ranged from approximately 
- I ). 0 to 16 ° and the rudder deflections, from -20° to 8° 
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throughout the tests. The geometric angle of attack of 
the end plate was maintained at zero. The tests included 
measurements of the lift of the model and measurements of 
the rudder hinge moment. 

All tests were made at a dynamic pressure of 
.3 pounds per square foot, which corresponds to an air- 
speed of 159 miles per hour under standard sea-level 
atmospheric conditions . The Reynolds number based on 
the mean geometric chord of the vertical tail was approxi- 
mately 2 > I(.00,000. 

Jet-boundary corrections, as. determined by the 
general methods described in reference 5 > were applied 
to the lift coefficient, rudder hingp-mpment coefficient, 
and angle of attack. These corrections, which neglected 
the presence of the end plate, were added directly to the 
lift and hinge-moment coefficients and to the angle of 
attack, respectively, and are as follows: 

AC l = -0.0102C l 
AC h = 0.0065 C l 
A a = 0.26(C L ) 6=0O + 1.70 C l 

No corrections or tares were applied for the effects 
of the model support-strut fairing or for the effect of 
the exposed rudder hinge -momeht linkage. This linkage 
may be seen in the photographs of figupe 2 and in the 
sketches of figure 3* An attempt to calculate the effect 
of the support-strut fairing on the lift of the vertical 
tail by lifting-line theory was unsuccessful. A rough 
estimation of this effect based on reference 6 indicated, 
however, that the support-strut fairing : might possibly 
increase the vert ical-tail lift as much as 3.5 percent. 


THEORY 


The theory of reference 1, in which the root chords 
of the horizontal and vertical tails are assumed to 
coincide and to be the same length accounts for the 
effect of end-plate span on the effective aspect ratio ... 
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of the vertical tail. In this theory, the horizontal 
tail is assumed to be mounted at the base of the vertical 
tail. The minimum-induced-drag theory of reference 2 
accounts for the vertical location of the end plates on 
a vertical tail that is symmetrical about both its 
midspan and midchord lines. The theory of reference 2 
also accounts for the end-plate span but assumes the 
end-plate chord to be infinite. A combination of the 
results of these two theories is shown in figure 5 i n 
which the results of reference 1 are used to- extrapolate 
those of reference 2 to a finite end-plate chord. In 
figure 5 the effect of end-plate vertical location is 
indicated to be much greater than either the effect of 
end-plate span or vertical-tail aspect ratio and the 
end plates located near either tip of the vertical tail 
are shown to have the largest effects. The lift-curve 
slope for vertical tails with end plates can be estimated 
by the following formula from lifting-line theory: 

= a(a.AK ••• 

L “ A (a 6 /a)tt + a 0 


Abetter result can probably be obtained, however, from 
the fo 3.1 owing" equation based on lifting-surface theory: 


A ( A-e/ 


( i 


UT . 


A (A e /A) 


( 2 ) 


ttE, 


+ a, 


where the form of equation (2) is taken from reference 7 
and the values of ,E e * are taken from .reference' 8, A 

chart from which valuer 'of Ox may he conveniently . 

obtained is. presented: as .figure 6. 


RESULTS AND DISCUSSION 


Results of the tests- are given- in figures 7 to H • 
The analysis 'of the data (figs. 12 to l8) was made by a 
study of the' lift and hinge-moment slopes through zero 
angle of attack'and through zero rudder deflection. 
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Effect of Vertical Location of End Plate 


The variations with a and 6 of lift and rudder 
hinge -moment coefficients of the vertical tail for 
various vertical locations of the 6-foot-span end plate 
in the center horizontal location are presented in 
figure 7* The greatest end-plate effects, as indicated 

by the higher values of Ct and Ct_ , were obtained 

• u a -‘-'6 

with the end plate in either the low or high location. 
(See fig. 12.) As might be expected, the results for 
the intermediate locations show almost no change from 
the results for the horizontal-tail-off condition. A 
determination of the rudder lift-effectiveness parameter 


this parameter to 'be constant within the accuracy of the 
data and to have the value 


A curve of the theoretical end-plate effect, obtained 
by use of figure 5 and equation (2), is also shown in 
figure 12, Two discrepancies between the theoretical 
curve and the test points are noticeable. First, because 
the vertical-tai 1 plan form was not symmetric about its 
center section, the test points fail to indicate, as 
does the theory, a zero end-plate effect at the center 
section- of the vertical tail. Second, the end plates 
near the base of the vertical tail do not produce as 
much effect as indicated by the theory, although a 
slightly larger effect would be expected because of the 
asymmetry of the vertical-tail plan form. This second 
discrepancy probably results from two factors: The 

support strut probably causes the end-plate effect to 
correspond to that of an end plate at a vertical location 
farther from the base of the vertical tail. Also, the 
stub fuselage probably had an end-plate effect, for 
unpublished tests have indicated that a stub fuselage 
such as the one on this model can have an end-plate 
effect on CL a of approximately 5 percent. This incre- 
ment of end-plate effect would be absorbed by another 
end plate mounted near the stub fuselage and the 
resulting effect would be smaller than that expected 
for an end plate mounted on a model without stub fuselage. 



for the end-plate locations of figure 12 showed 
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The ' theoretical curve is believed to be approximately 
correct when the conditions for which it was derived are 
met. 


The value of Cy, was very close to zero for each 

of the four vertical locations in which the model was 
tested. Values of ranged from -0.0017 -0.0021 

(see fig. 15 ) and' were negatively largest for the high 
and low vertical locations. The small changes in 

and Cftg indicated in figure 15 probably cannot always 

be expected, particularly for rudders with littlo or no 
balance . 


Effect of Horizontal Location of End Plate 


The variations with a and 6 of the lift and 
rudder hinge-moment coefficients of the vertical tail for 
various horizontal locations of the 6-foot-span end plate 
in the low vertical location are presented in figure 8. 
The center and rearward horizontal locations gave the 
largest values of and Cl^ • (See fig. 13.) The 

values* of Cv, were approximately zero and the values 
X1 a 

of Ch 5 ranged from -0.0021 for the forward and center 
locations to -0,0030 for the rearward location. (See 

fig. 15.) 


Effect of Varying Span of End; Plate 

The variations with a and 6 of the lift and 
rudder hinge-moment coefficients of the vertical tail 
for end elates of various spans with, the end plate mounted 
in the center horizontal location; for the low and the 
intermediate-low vertical locations' are presented in 
figures 9> and 10* respectively. The presence of the 
2-foot-span end plate increased the values of 

and Cl~ appreciably (see fig. ill), but additional end- 

O c 

plate span caused only a slight increase in these 
parameters. The hinge-moment parameters Ch a and Chg 

Were almost, entirely unaffected! by increased span. 

(See fig. 15 .) Because the end plate of 6-foot span 
reached almost to the tunnel wall, this span was effectively 
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larger than the actual span tested; but even for this end 
plate the values of the lift parameters were just slightly 
higher than those for the 2-foot-span configuration. A 
comparison of the results shown in figure I 4 with those 
of figures 12 and 1 J indicates that changes in end-plate 
span have only a relatively small effect on CL a and 

when the end-plate span is greater than one -half the 
vertical-tai 1 span and that the end- pi ate location 
relative to the' vertical tail l~a the more important of 
the two variables. 


Effect of Rudder Cut-Out . 

The effect of the rudder cut-out on the lift and 
rudder hinge -moment coefficients of the vertical-tail 
model for the center horizontal location of the Ip-foot- 
span end plate in the low vertical location is shown in 
figure 11. These data indicate that the only appreciable 
effect of the rudder cut-out in the end plate was a 
change of about - 0.0007 in Ch- at small deflections. 


End-Plate Effect in Terms of Effective Aspect Ratio 
• • 

In order to make the experimental results of this 
investigation of the end-plate effects of the horizontal 
tail on the vertical tail comparable to the theoretical 
results (fig. 5 )> the lift-curve-slope results were 
reduced to the form of the ratio of the effective aspect 
ratio computed from the measured lift for the end-plate- 
on condition to the aspect ratio computed from the measured 
lift for the end-plate -of f condition A e /A. 

The aspect ratios were computed by means of equa- 
tions (1) and (2), which are based, respectively, on the 
lifting-line and lifting-surface theory for an isolated 
wing. The section lift-curve slope a Q was estimated 
to have a value of 0.105 for the' vertical tail. The 
ratio A e /A is shown in figure l6 as determined by the_ 
lifting-surface theory for all model configurations for 
area-span convention I of figure 1, With the end elate 
in the low vertical location, this same ratio (A e /A) . is 
shown in figure 17 as determined by the lifting-line 
theory for all three area-span conventions of figure 1. 

The ratio A e /A is shown in figures l6 and 17 to depend 
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only- slightly on which formula or which area-span con- 
vention is used. The values of A e /A determined from 
the test data are shown in figure 17 to he smaller than 
those from figure 5-* This discrepancy is the same as 
that discussed in connection with the effect of the vertical 
location of the end plate . 


Estimation of Cr for a Vertical Tail 

-'-'a 

If an estimate of CL a for a vertical tail is 

desir.ed, an aspect ratio must be arrived at by means of 
some area-span convention. In the following table a 
comparison is presented of the geometric aspect ratios 
and the aspect ratios for the horizontal- tail-off condi- 
tion as computed by use of equations (1) and (2) for the 
three' area-span conventions shown in figure 1. 


Area- span 
.convention 
(See fig. 1 .) 

a g 

A 

(Equation ( 1 ) ) 

A 

(Equation ( 2 )) 

Corrected 

A 

(Equation ( 2 )) 

I 

2.17 

1.99 

2.85 

2.60 

II 

2.05 

1.77 

2.58 

2.38 

III 

2.25 

1.1+6 

2.20 

2.05 


The corrected values of the aspect ratio were obtained 
by reducing the lift-curve slope 5 percent to correct the 
data approximately to the conditions.^ for the model without 
stub fuselage. The values in the first three columns of 
aspect ratio indicate that for this model, in order to 
estimate CL a for the end-plate-off . condition from a 

geometric aspect ratio, the formula for the lift-curve 
slope based on lifting-surface theory (equation (2)) 
should be used in conjunction with area-span conven- 
tion III. The measured lift-curve slope, however, is 
probably higher than that which would be realized in 
flight because of the effect of aerodynamic induction 
on the support-strut fairing andbecause of the absence 
of most of the fuselage sidewash. If data on fuselage 
side wash are unavailable, an are a- span convention 
defining the vertical-tail area as that above the fuselage 
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center line (convention II, fig. 1), as proposed by Pass 
in reference 3, and corresponding to a somewhat lower 
lift-curve slope than convention III may more nearly represent 
the case of the vertical tail on an airplane. In order 
to estimate Ct, for a vertical tail with the horizontal 

tail on, use may be made of the effective aspect ratio 
obtained by multiplying the geometric aspect ratio 
by A e /A as given in figure 5» 

A e 

An average value of — = 1.5 was suggested in 

A 

reference 3» This value is considerably more than will 
generally result because it is based on a vertical-tail 
aspect ratio of 1 . 14 ., which is somewhat smaller than the 
aspect ratios now generally used and, more important, is 
based on an end plate located at the base of the vertical 
tail - a condition seldom if ever met in practice. 

For tail configurations similar to the 6-foot-span 
end plate in low vertical location, the effect of hori- 
zontal location can be considered by multiplying the 
value of A e /A given in figure 5 by the horizontal- 

location factor k shown in figure l8 and derived from 
the Ch a -data of figure 13 . 


CONCLUSIONS 


Tests were made of a verticaL-tail model with stub 
fuselage in combination with various simulated horizontal 
tails to determine the effect of horizontal-tail span 
and location on the aerodynamic characteristics of the 
vertical tail, and the test results were compared with 
theoretical results. The results of the investigation 
indicated the following conclusions: 

1. The theoretical end-plate effect is approximately 
correct when the conditions for which it was derived are 
me t . 


2. The end-plate effect of the horizontal tail on 
the vertical tail was influenced more by the location of 
the horizontal tail than by the horizontal tail span. 

3. The greatest end-plate effect was obtained with 
the horizontal tail located near either tip of the 
vertical tail, 


FAC A TF Fo. 1050 


13 


<+. When the horizontal tail was located near the 
base of the vertical tail, the end-plate effect was 
increased by moving the horizontal tail rearward. 


Langley Memorial Aeronautical Laboratory 

Fational Advisory Committee for Aeronautics 
Langley Field, Va., January 21, ljk-6 
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TABLE I 

ORDINATES OP VERTICAL-TAIL AIRFOIL SECTION 
[stations and ordinates in percent of airfoil chordj 


Uoper 

surface 

Lower surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.5 

.845 

• 5 

-.8i|5 

• 7 5 

1.019 

• 75 

-1.019 

1.25 

1.270 

1.25 

-I.276 

2.5 

1.719 

2.5 

-1.719 

5 

2.389 

5 

-2.389 

7.5 

2.909 

7.5 

-2.909 

10 

? .343 

10 

-3.343 

15 

i. L.O56 

15 

-4.036 

20 

it. 5 6l 

20 

-.4.561 

25 

30 

4.951 
5. 2L.2 

25 

30 

-4.951 

-5.242 

35 

5 .iii 9 

35 

-5.419 

[.0 

45 

Hf? 

> •■-(-34 

40 

45 

-5.498 

-5.454 

50 

5.276 

50 

-5.276 

-4.995 

55 

4. 995 

55 

60 

4 » 622 

60 

-4.622 

65 

4.158 

6 5 

-4.158 

70 

3.638 

70 

-3.638 

p n 

oO 

85 

5.087 

2.489 

1.836 

75 

80 

85 

-5.087 

-2.439 

-1.836 

90 

1.279 

90 

-1.279 

95 

. 6)4.6 

95 

- . oij.6 

100 

i 

.030 

100 

-.030 
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PLAN-FORM ORDINATES OF VERTICAL-TAIL MODEL 


[Stations and ordinatss are in inchesj 
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Fig. 1 



I 


Area = 5.985 sq ft 
Spar? =3. 6/ ff 
Aspect raf/o = £./7 



U 


Area =6.346 sq ft 
Span =3.6/ ff 
Aspecf raf/o =£.05 
(Ref<ere > r?CG‘ 3 ) 



JU 


Area = 7.055 sq ft 
Span = 3.33 ff 
Aspecf raf/o =£.£5 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


F/qure /.-Three area -span conventions w fitch are used 
,n cafcufaf/ng fhe aspecf raf/o and the force and 
moment coefficients of verf/caf ta/ts. (Conner?, ffon F 
/jr 3/?of recommencfect / n reference J-) 




(a) Center horizontal location of the 6-foot-span end plate in low 

vertical location. 


Figure 2.- Front views of the vertical-tail model as mounted in the 6- by 6-foot 

section of the Langley stability tunnel. 
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(b) Center horizontal location of the 4-foot-span end plate in the intermediate- 


low vertical location. 

H* 


oq 

Figure 2.- Concluded. 
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Hor/zonta! locot/on 
of end p/afe 
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H* 

OQ 


Forojeot coo Me/ vo//e seat/ 
( ogp>s~ox . wic/f/? - C?- 33 c r ) 


/Judder t?/nge ax/s 


Trail/ng-edge org/e^f 



Chord //rte 


/da /arc e 
cover p/a/e 


y^of sea/ gap 
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F/gure 4 . - £r?/arged cross sec //or/a/ d/agram of the vert/ca/ 
ta// show/ng de/a//s of the /nterra/ ba/ar?ce • fCvc/cf&r' 
/770 e<or?7 e?n f } c/3 r/gf?/ ^ 3 /toFf . 
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Fig. 5 


A 


A* 

/O 


/4 


4 ? AO 
A 


A4- 


AO 



Q ^ \ '2sO\j \ ^ f 

Vt^sfAcc?/ /ocof/or? o A <s/yc/ yo/oro^ _=^ 

^3 

/^/gor<s <57 - fTffecf of <os?c/- / c>/o/& /ocof/os? 
o/?c/ 'S/oov? GTS7C/ \sor A/co/ -ft?// o^oecf s-of/o 
os? f/?c &ffccf/i?c -o'oyoe’o /- sor/o /Dos csr? of o/~. 





Figure 6, ~ Chari bosed on lifting- surface theory for determ/nof/on of the 
slope of the tiff curve for ong/es of otfocfr. 
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Rudder h/ng/e - roomer f coeff/c/ent } 


NACA TN No. 1050 


Fig. 7a 



/7 pure 7*.- Effect of uert/cat /ocat/on of the 6 -foot- 
span end p/afe /n center hor/zontat / oca f /on on 
the hft onot rudder t?/nge- moment c/iaractensf/cs 
of the rert/ co/~ta/ / mode/. 



Z//7 co&ff/c/e/vt,CL Fudcter fr/nge -rr?orr>er?f coeff/c/enf 


Fig. 7b 


NACA TN No. 1050 



-20 -/6 ~/2 -6-4 O 4 6 

/? udder def/ecf/or? P <f ^ deg 

rt) oc = A 7 Ci . 


F/gure 7.- Con c/u o(eoi - 


/? udder f?/nge - moment coeff/c/ent } Cfr 


NACA TN No. 1050 


Fig. 8a 



Ang/e of at toe A } ac 7 cteg 
fa) d = O 0 . 

3/gure 3 .-ft 'feet of hor/zonta/ locaf/on of the 6 -foot - 
jrpa / 7 end p/a/e /n tow rert/eat toe of /on on fde 
t/ft and /odden f/nge -moment ct?orarcter/sf/cs of 
the nerf/cot - to/t /node / . 



Lift coefficient , C L Rudder tvnge -moment coefficient ^ Cf, 


Fig. 8b NACA TN No. 1050 



/Judder def/ecfion , <S , deg 
ft>) a = /.7 Cl • 

Figure S’. - Cone /uded . 


Rudder h/nge - moment coeff/c/ent 


NACA TN No. 1050 


Fig. 9a 



-6-4 0 4 0 /e /6 ZO 

An<?/e of o' f foe A- P oe ? of eg? 

fa) d =0° . 

F/g/ure Q. -Effect of \/ar/ous enof-p/ate spans /r? tte 
center tor/^onfof /oca f /or? for the fom rert/caf /oca t/on 
on f/?e // ft a/? of ruc/c/er t?/ngre- moment ctarac fe r/s t/ cs 
of ff/e nerf/cat - to// mode/. 



///*/ coeff/c/6*/ 7/ , Cj ficto/ol&r hi nge- motr>9rfi co&fftc/snty Cfa 


Fig. 9b 


NACA TN No. 1050 



(b) a =/• 7 C L . 

/" rgure S . - Conc/ude ot . 


f?adotr?r t?/r?pe -moment coeff/c ?er?t 


NACA TN No. 1050 


Fig. 10a 





-3 -4 0 4 3 /x5 /6 30 

Ar?p/e of a ft ac A ^ ar ? c/ep 

ra) 3=0° 

f/pure /&. - £ffecf of var/ous er?o/ - p/at te jpctrts m f/ie 
center fort z on /a/ /oco // or? for ff?e //? fermeaf/afe - 
/ 014/ rerf/co/ /oca f/ or? or? f/?e //ff arte/ r a of a/e r 
A/r?pe -?vo/r?enf cf?<yrocter?sf/cs of Me rerf/caffa// n?oc/e/. 



Z//y co ef f/c/er? / j Ci f? udder b/rge -rnomenf coeff/c/er>b y Cfr 


Fig. 10b 


NACA TN No. 1050 



/Judder def/ecb/or? ^ 6 ^ deg 
fb) a = A 7 C L 
F/gu re /O - - Cor>c /u ded * 


L/ff coeff/c/er/t j Cl /fodder f/r/ffd -momer?/ coeff/c/er?f } C/? 


NACA TN No. 1050 


Fig. 11a 


,OZ 


-.oz 




















































r— Cut-out O 

r- do cut-out A 







& 

A 









tr*3c 













- 









































V 














/ 













/ 


























/ 

J^-Cuf-out 
\-Ato cut-out 









/ 














































NATH 

MNin 

ONAL 
IE FO 

AOVI 
R AER( 

SOPY 

)NAUT 

ICS 



/ 






CO 


-A 

A 













A 


-.2 


-6 


-4 O 4 Q /Z 

Ang/e of a /Yack y cc , deg 


/e 


/a) 6=0°. 


f/gure //. -Effect of rudder cut-out or? the //ft 

ar?d rudder /?/r?ge -/none?? f ct/arocter/st/cs of f/?e rerf/ cat- 
tc/// node/ for f/?e ce/?fer f?or/ zorzfa/ / ocat/or? of /tie 
4- foot -spar? eod p/a/e //? /o/r rerf/ca/ tocof/o/?- 



Itff coefficient , Cl f?udder ft/nge- moment coefficient y 


Fig. lib 


NACA TN No. 1050 



Cb) ac = /• 7 C L 

F/grune // • ~ C one /u d<?d . 


NACA TN No. 1050 


Fig. 12 


o 


Q c , 




.06 



X 

0 


.04 



.02 


O 



V&rf/co/ /ocofos? of^/ic/ / o/c?7 L <S" 9 +lL 

f/^rt/r-c / 2 .~ fffocf o 6 \so rfjcoJ /oca 1 6/0/7 
06 ar 6- fc>c>f-^yc?os? c&s? /-£>/- os?c/ yo/o/’o os? 
/As* //ff- /po/'Oss? <s> f&s^s of 6/70 \sos~ 6/co/- 
to// stooc/g/. 



^7j? puv 10 7 j 


' 


Fig. 13 


NACA TN No. 1050 


0 c La 

a c u 


.06 


.0 4 


oz 


0 


.6 


f 

> 

V 

< 

> 

V 

0 














r 










— 't 

[ 





KJ 








































-0 

j — 








































Si 









< 

$ 

0 



V 






3 

* 



*3 

s. 





^ , 



£ 





0 

h 



<a_ 






NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


AO 


//or/zontat ZocaA/or? of end p/ate 


a c 


/-/pure A3. - fffect of horizontal /oca A/ on of 
a 6 -fooA -span Sow end plate on AAie 
A/fA parameters of the vertical - fa/ A 
/node/ . 




NACA TN No. 1050 


Fig. 14 


Fr?d - p/ ate cor7f/gurat/on 


Vert /cat local /or? 
o low 

□ Ifftermed/ate -/ow 

o Lr/ter/ned/ate -h/gh 

a H/gh 
v Low 
> Low 


dor/ 20/7 la/ local /on 

Center 

Center 

Cenler 

Center 

Forward 

Fearward 


.06 


c 


1 .04 
^ .02 


0 






































A 














r\ 





— 

\ C L* 




■o 











V 

T 










— 

3 — 

































































£ 

1 








-o- 





— j 

&- 





"t 

[■< 

cr; 












=d 

j— 






J 

L d 





















































MAI 

nor 

4AI 

AD 

VIC 

DD> 

1 












COMMITTEE FOR AERONAUTICS 












jj 

ID 


_L 



0 


.4 


.6 


IF 


16 


2.0 


ttor/zontal la/l jpan /Vert/cat la// jpan, -Cl 


F/gure IF ■ ~ Fffect of or/d -plate jpan or? 
the l/ft pararr/ele rj- of the \/ert/c al- 
ia/ / model - 



Fig. 15 


NACA TN No. 1050 


o 

□ 

O 

A 

V 

t> 


£nd~ p/ate conf/auraf/on 

Vertical / 'ocat/on Horizontal toe at /on 

low Center 

Infermed/afe -low Center 

Intermediate -t?/gh Center 
High Center 

low Forward 

low Rearward 


.01 


£ 

I 


<? 


0 C 


-. 0 / 


o 


.4 


.8 



















\ 


















r Ch cc 

















/ 

1 





-TV- 





( 

71 




\ 

4 

/“'to 






-f) 











* 











K 

J 





% 













































NATIONAL ADVISORY 
COMMITTEE FOft AERONAUTICS 


U 


16 


£.0 


ftor/zonfat fa/ 1 span^ Vertical tail span , -^z. 


F/pure /S'. -FfFecf of end - plate span or? the 
r adder fringe -moment parameters . 


NACA TN No. 1050 


Fig. 16 


Xnd - p/ate conf/yura f/on 


Verf/ca/ /ocof/on 
o Low 

□ Lr/terrned/ate - Low 
o Lntermed/ate - d/p/7 

a f//p/? 
v Low 
t> Low 


L/or/zonfa/ Locat/or 

Center 

Center- 

Center 

Center 

Forward 

Fearward 


/4 



/ 0 


.6 


















A 








































V 


































— 1 

r — 





V 























































M 

ATI 

OKI 1 

kl 

k nw 

icn 

nv 













COMMITTEE FOR AERONAUTICS 

















T1 

r 



0 ,4 .3 A 2 A6 2.0 

For/zonfa/ fa// spanj Ver//c a / fa// span ? 


F/pure /6 . - l/o/zves ofA G /A deferm/ned bp 
L/ff/np - surface theory for a// mode / 
conf/puraf/ons . Area -span convenf/on X . 



Fig. 17 


NACA TN No. 1050 


Area - span c on ver? // on 


o 

T 

□ 

Jf 

o 

ZZZ 


AS 



/.4 


AO 














































































































r77?GorGf/co/ ( f/g. Zf ) 









i 

' 



















































































NAI IUNAL AUViaUKT 

COMMITTEE FOB AERONAUTICS _ 

1 1 1 1 1 1 1 1 













O A .& /& /.6 

for/zonta/ fa// z pan / Verf/c a/ fa// 


Z.O 


span. 



/^/gare /A . - Vcz/c/go of A G /A\ deferm/ned by 
f/ff/ng -f/ne theory for fhnee area -spar? 
cor? ver? f/ons w/ff? ft?e end p/afe /r? center 
f?or/zor?to/ focaf/or? for the /otv per f. vcc?/ 
/oca t/ on- 


//oo/zozy/o/ /oco^/or? foe for- 


NACA TN No. 1050 


Fig. 18 


* 

*N 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


ffor/zoofo/ /ooofo/y of &s?c/yO 


f~/c?ur~e /& - /zff&cf of Gnc/- / jo/of<o foo/^onfo / 
/ocofy'os? <0/0 /V?& /yoo/zoofe?/ /oc&f/os? fcrefo/~ 
cf<ocfoo<ocf fro/?? f/?& - ofcrfo of f/^roo& /< 3 , 





